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Quarkonia are bound states of either a charm and anti-charm quark pair (charmonia, e.g. $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{pp}$$\end{document}$ collisions is relatively well understood in the context of perturbative QCD calculations \[[@CR1]--[@CR3]\], their binding into quarkonium states is inherently a non-perturbative process and the understanding of their production in hadronic collisions remains unsatisfactory despite the availability of large amounts of data and the considerable theoretical progress made in recent years \[[@CR4]\]. For instance none of the models are able to describe simultaneously different aspects of quarkonium production such as polarization, transverse momentum and energy dependence of the cross sections.

There are mainly three approaches used to describe the hadronic production of quarkonium: the Color-Singlet Model (CSM), the Color Evaporation Model (CEM) and the Non-Relativistic QCD (NRQCD) framework.

In the CSM \[[@CR5]--[@CR7]\], perturbative QCD is used to model the production of on-shell heavy quark pairs, with the same quantum numbers as the quarkonium into which they hadronize. This implies that only color-singlet quark pairs are considered. Historically, CSM calculations performed at leading order (LO) in $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm{J}/\psi }$$\end{document}$ production cross section measured by CDF at the Tevatron \[[@CR8]\]. Several improvements to the model have been worked out since then: the addition of all next-to-leading order (NLO) diagrams \[[@CR9]\] as well as some of the next-to-next-to-leading order (NNLO) \[[@CR10], [@CR11]\]; the inclusion of other processes to the production of high $\documentclass[12pt]{minimal}
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                \begin{document}$${p_\mathrm{T}}$$\end{document}$ quarkonia such as gluon fragmentation \[[@CR12]\] or the production of a quarkonium in association with a heavy quark pair \[[@CR13]\] and the relaxation of the requirement that the heavy quark pair is produced on-shell before hadronizing into the quarkonium \[[@CR14]\]. All these improvements contribute to a better agreement between theory and data but lead to considerably larger theoretical uncertainties and/or to the introduction of extra parameters that are fitted to the data.

In the CEM \[[@CR15]--[@CR17]\], the production cross section of a given quarkonium state is considered proportional to the cross section of its constituting heavy quark pair, integrated from the sum of the masses of the two heavy quarks to the sum of the masses of the lightest corresponding mesons (D or B). The proportionality factor for a given quarkonium state is assumed to be universal and independent of its transverse momentum $\documentclass[12pt]{minimal}
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Finally, in the framework of NRQCD \[[@CR18]\], contributions to the quarkonium cross section from the heavy-quark pairs produced in a color-octet state are also taken into account, in addition to the color-singlet contributions described above. The neutralization of the color-octet state into a color-singlet is treated as a non-perturbative process. It is expanded in powers of the relative velocity between the two heavy quarks and parametrized using universal long-range matrix elements which are considered as free parameters of the model and fitted to the data. This approach has recently been extended to NLO \[[@CR19]--[@CR21]\] and is able to describe consistently the production cross section of quarkonia in $\documentclass[12pt]{minimal}
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Most of the observations and discrepancies described above apply primarily to charmonium production. For bottomonium production, theoretical calculations are more robust due to the higher mass of the bottom quark and the disagreement between data and theory is less pronounced than in the case of charmonium \[[@CR27], [@CR28]\]. Still, the question of a complete and consistent description of the production of all quarkonium states remains open and the addition of new measurements in this domain will help constraining the various models at hand.

In this paper we present measurements of the inclusive production cross section of several quarkonium states (namely $\documentclass[12pt]{minimal}
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This paper is organized as follows: a brief description of the ALICE detectors used for this analysis and of the data sample is provided in Sect. [2](#Sec2){ref-type="sec"}; the analysis procedure is described in Sect. [3](#Sec5){ref-type="sec"}; in Sect. [4](#Sec9){ref-type="sec"} the results are presented and compared to those obtained by other LHC experiments; finally, in Sect. [5](#Sec12){ref-type="sec"} the results are compared to several theoretical calculations.

Experimental apparatus and data sample {#Sec2}
======================================

Experimental apparatus {#Sec3}
----------------------

The ALICE detector is extensively described in \[[@CR31]\]. The analysis presented in this paper is based on muons detected at forward pseudo-rapidity ($\documentclass[12pt]{minimal}
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                \begin{document}$$-4<\eta <-2.5$$\end{document}$) in the muon spectrometer \[[@CR29]\][1](#Fn1){ref-type="fn"}. In addition to the muon spectrometer, the Silicon Pixel Detector (SPD) \[[@CR32]\] and the V0 scintillator hodoscopes \[[@CR33]\] are used to provide primary vertex reconstruction and a Minimum Bias (MB) trigger, respectively. The T0 Čerenkov detectors \[[@CR34]\] are also used for triggering purposes and to evaluate some of the systematic uncertainties on the integrated luminosity determination. The main features of these detectors are listed in the following paragraphs.

The muon spectrometer consists of a front absorber followed by a 3 Tm dipole magnet, coupled to tracking and triggering devices. The front absorber, made of carbon, concrete and steel is placed between 0.9 and 5 m from the Interaction Point (IP). It filters muons from hadrons, thus decreasing the occupancy in the first stations of the tracking system. Muon tracking is performed by means of five stations, positioned between 5.2 and 14.4 m from the IP, each one consisting of two planes of Cathode Pad Chambers. The total number of electronic channels is close to 1.1$\documentclass[12pt]{minimal}
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Primary vertex reconstruction is performed using the SPD, the two innermost layers of the Inner Tracking System (ITS) \[[@CR32]\]. It covers the pseudo-rapidity ranges $\documentclass[12pt]{minimal}
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The two V0 hodoscopes, with 32 scintillator tiles each, are placed on opposite sides of the IP, covering the pseudo-rapidity ranges $\documentclass[12pt]{minimal}
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                \begin{document}$$-3.7<\eta <-1.7$$\end{document}$. Each hodoscope is segmented into eight sectors and four rings of equal azimuthal and pseudo-rapidity coverage, respectively. A logical AND of the signals from the two hodoscopes constitutes the MB trigger, whereas the timing information of the two is used offline to reject beam-halo and beam-gas events, thanks to the intrinsic time resolution of each hodoscope which is better than 0.5 ns.

The T0 detectors are two arrays of 12 quartz Čerenkov counters, read by photomultiplier tubes and located on opposite sides of the IP, covering the pseudo-rapidity ranges $\documentclass[12pt]{minimal}
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Data sample and integrated luminosity {#Sec4}
-------------------------------------

The data used for the analysis were collected in 2011. About 1,300 proton bunches were circulating in each LHC ring and the number of bunches colliding at the ALICE IP was ranging from 33 to 37. The luminosity was adjusted by means of the beam separation in the transverse (horizontal) direction to a value of $\documentclass[12pt]{minimal}
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Data analysis {#Sec5}
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Signal extraction {#Sec6}
-----------------
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Acceptance and efficiency corrections {#Sec7}
-------------------------------------

The measured yields obtained from the fits to the dimuon invariant mass distributions are corrected by the acceptance times efficiency factor $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec8}
------------------------

The main sources of systematic uncertainties on the production cross section come from the estimation of the number of measured quarkonia, the acceptance times efficiency correction factor and the integrated luminosity. The uncertainty on the dimuon branching ratio is also taken into account.
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The single muon tracking efficiency can be evaluated both in data \[[@CR29]\] and in simulations. A difference of about $\documentclass[12pt]{minimal}
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Concerning the trigger efficiency, a small difference is observed between data and simulations for the trigger response function. To account for this difference, a procedure similar to the one used for the systematic uncertainty on the track reconstruction efficiency is applied. The effect on $\documentclass[12pt]{minimal}
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The difference observed in the simulations for different $\documentclass[12pt]{minimal}
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Finally, the uncertainty on the integrated luminosity amounts to 5 %. It includes contributions from the MB trigger cross section (3.5 % \[[@CR38]\]), the MB trigger purity (3 %, evaluated by varying the cuts defining the beam-beam and beam-gas collisions), possible effects on the MB trigger cross section from V0 aging between the moment when the vdM scan was performed and the data taking period (1.5 %), the effects of V0 after-pulses and other instrumental effects on the MB trigger counts (1.5 %, evaluated from fluctuations in the ratio of the MB trigger rate to a reference trigger rate provided by the T0).

A summary of the different systematic sources is given in Table [1](#Tab1){ref-type="table"} and the systematic uncertainties associated to the $\documentclass[12pt]{minimal}
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Results {#Sec9}
=======

Integrated and differential production cross sections of $\documentclass[12pt]{minimal}
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Differential production cross sections as a function of rapidity {#Sec14}
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Integrated and differential quarkonia yields and cross sections {#Sec16}
===============================================================
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The Crystal Ball function consists of a Gaussian core and a power law tail at low masses, as defined in \[[@CR40]\]. The CB2 function extends the standard Crystal Ball function by a second power law tail for high masses.
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